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(54) METHOD FOR MANUFACTURING METALLIC COLLOIDAL SOLUTION 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a manufacturing method by which stable metallic 
colloidal solution can be easily obtained and also particle size can be easily controlled. 
SOLUTION: The method for manufacturing the metallic colloidal solution comprises steps of: 
(a) preparing mother liquor for preparation of metallic colloidal solution by mixing a salt (A) of 
a metal having a standard hydrogen electrode potential of -0.80 to +1.20 eV, a stabilizer and a 
solvent; (b) regulating the temperature of the above mother liquor to 10 to 95°C; (c) adding a 
salt (B) of a metal having a standard hydrogen electrode potential ranging from -0.20 to +1.50 
eV and higher than that of the above metal constituting the salt (A) of the metal to the above 
mother liquor; and (d) adding a reducing agent to reduce metallic salts. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

IThis document has been translated by connputer. So the translation nnay not reflect the 
original precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 

[Claim(s)] 

[Claim 1](a) A salt (A) of metal in a range whose standard hydrogen electrode potential is - 
0.80-+1.20eV, Mix a stabilizing agent and a solvent and a mother liquor for metallic colloidal 
solution preparation is prepared, (b) Adjust this mother liquor for metallic colloidal solution 
preparation to temperature of 10-95 **, (c) Be in this mother liquor for metallic colloidal solution 
preparation at a range whose standard hydrogen electrode potential is -0.20-+1.50eV, And a 
manufacturing method of a metallic colloidal solution adding the (d) reducing agent and 
returning the metal salt (A) and (B) after adding a salt (B) of metal whose standard hydrogen 
electrode potential is higher than metal which constitutes a salt (A) of said metal. 
[Claim 2](e) A manufacturing method of the metallic colloidal solution according to claim 1 
riping an obtained metallic colloidal solution at temperature of the range of further 50-150 **. 
[Claim 3]Aforementioned (a) - (d) or (a) A manufacturing method of the metallic colloidal 
solution according to claim 1 or 2 performing a process of - (e) under a non-oxidizing 
atmosphere. 

[Claim 4]A salt (A) of metal in a range whose standard hydrogen electrode potential is -0.80- 
+1 .20eV, It is a salt of one or more sorts of metal chosen from a group which consists of Au, 
Ag, Cu, nickel, Co, Fe, and Ru, A salt (B) of metal whose standard hydrogen electrode 
potential is higher than metal which is in a range whose standard hydrogen electrode potential 
is -0.20-+1.50eV, and constitutes a salt (A) of said metal, A manufacturing method of the 
metallic colloidal solution according to any one of claims 1 to 3 being a salt of one or more 
sorts of metal chosen from a group which consists of Pt, Pd, and Sn. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the lnvention]This invention relates to the manufacturing method of new metallic 
colloid. In more detail, it has uniform particle size distribution and the solution in which metallic 
colloid particles carried out mono dispersion is easily related with the method of manufacturing. 

[0002] 

[Background of the lnvention]Conventionally, metal particles are used as high-performance 
material in fields, such as a catalyst and electronic equipment, for the particle diameter effect, 
the high surface area effect, the quantum effect, etc. For example, supporting the Howe-ized 
nickel colloid particles to a carrier, and using as a hydrogenation catalyst is known (Kaeriyama 
et al., the Chemical Society of Japan, 1984 (6), p.1005-1010). Metal particles are used as 
fields, such as electronic equipment, for the prevention from electrification on the surface of a 
display, such as a cathode-ray tube, and electromagnetic wave cover. 
[0003]As a manufacturing method of such metal particles, the manufacturing method of the 
ultrafine particle by a gaseous phase process is indicated by Okuyama, guts, chemical 
engineering, P22-27, and (1993). An applicant for this patent apart from the above-mentioned 
dry method in JP, 10-188681, A. Metal salt in an alcohol water mixed solvent A reducing agent 
or the method of returning electrically. And the method (wet process) of making the particles or 
ion of the metal whose standard hydrogen electrode potential is higher than metal particles or 
alloy particles existing in the dispersion liquid of metal particles or alloy particles, and 
depositing metal with high standard hydrogen electrode potential on metal particles or/and 
alloy particles is proposed. 

[0004]To collection (1997) of Japan Institute of Metals autumn convention symposium lecture 
outlines 70 page, precious-metals ion (Ag"^, Au^^, Pd^^, and Pt^"^.) The ultrasonic irradiation 



http://www4.ipdl.inpit.go.ip/cgi-bin/tran_web_cgi_eiie?atw_u=http%3A%2F%2Fwww4.ip. 11/5/2008 



JP,2002-180110,A [DETAILED DESCRIPTION] 



Page 2 of 11 



direct reduction process which prepares metal particles is proposed by irradiating with an 
ultrasonic wave the solution which added organic compounds, such as a surface-active agent, 
if needed, for example on condition of 200 kHz and 6 W/cm^ under an inert gas atmosphere 
including Pt"^"^ etc. 

[0005] However, it was easy to condense the metal particles obtained with a dry method, even 
if it distributed carrier fluid, it was hard to obtain stable colloid, and the particle diameter of 
metal particles was uneven while it was difficult to adjust. While wet process and an ultrasonic 
irradiation direct reduction process were not necessarily enough as stability even if there is 
what has difficult particle-izing, was particle-ized depending on the metallic component and 
metal particles were obtained, and regulation of particle diameter was difficult, there were 
problems, like it is uneven and is. 
[0006] 

[Objects of the InventionjAn object of this invention is to provide the manufacturing method of 
the metallic colloidal solution which can be easily carried out by control of particle diameter 
while being able to obtain a stable metallic colloidal solution easily. 
[0007] 

[Summary of the lnvention]The manufacturing method of the metallic colloidal solution 
concerning this invention, (a) The salt (A) of the metal in the range whose standard hydrogen 
electrode potential is -0.80-+1.20eV, Mix a stabilizing agent and a solvent and the mother 
liquor for metallic colloidal solution preparation is prepared, (b) Adjust this mother liquor for 
metallic colloidal solution preparation to the temperature of 10-95 **, (c) Be in this mother 
liquor for metallic colloidal solution preparation at the range whose standard hydrogen 
electrode potential is -0.20-+1.50eV, And after adding the salt (B) of the metal whose standard 
hydrogen electrode potential is higher than the metal which constitutes the salt (A) of said 
metal, it is characterized by adding the (d) reducing agent and returning the metal salt (A) and 
(B). 

[0008]lt is desirable to ripe the metallic colloidal solution (e) Obtained at the temperature of the 
range of further 50-150 ** in the manufacturing method concerning this invention. 
Aforementioned (a) - (d) or (a) As for the process of - (e), it is desirable to be carried out under 
a non-oxidizing atmosphere. The salt (A) of the metal in the range whose standard hydrogen 
electrode potential is -0.80-+1.20eV, It is a salt of one or more sorts of metal chosen from the 
group which consists of Au, Ag, Cu, nickel, Co, Fe, and Ru, It is preferred that the salt (B) of 
the metal whose standard hydrogen electrode potential is higher than the metal which is in the 
range whose standard hydrogen electrode potential is -0.20-+1.50eV, and constitutes the salt 
(A) of said metal is a salt of one or more sorts of metal chosen from the group which consists 
of Pt, Pd, and Sn. 
[0009] 
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[Detailed Description of tlie Invention] Hereafter, this invention is explained concretely. The 
metallic colloidal solution as used in the field of this invention is a solution which nnetallic 
colloid particles distributed. 

(a) In preparation this invention of the nnother liquor for nnetallic colloidal solution preparation, 
mix the salt (A) of the metal which is in the range whose standard hydrogen electrode potential 
is -0.80-+1.20eV first, a stabilizing agent, and a solvent, and prepare the mother liquor for 
metallic colloidal solution preparation. 

[0010]as the metal salt (A) used by this invention - standard hydrogen electrode potential -it is 
preferred to use the salt of the metal which is in the range of -0.60-+1 .11 eV preferably 0.80- 
+1 .20 eV. Inorganic acid salts, such as a chloride of one or more sorts of metal specifically 
chosen from the county which consists of Au, Ag, nickel, Cu, Fe, Co, and Ru, a nitrate, sulfate, 
an phosphate, and carbonate, organic acid salt, etc. are mentioned. As metal salt (A), a 
hexamine nickel salt ghost (nickeKNH^) g) (CI2), Complex salt, such as tetramine copper 
sulfate (Cu(NH2) ^ (S04andH20) and a hexamine ruthenium chloride (Ru(NH2) g) (Cy, can 

also be used. These salts are used by two or more sorts, mixing, even when it is independent 
one sort. 

[001 1]As for such metal salt, it is preferred to convert into metal, and to use 0.1 to 10% of the 
weight, into the mother liquor for metallic colloidal solution preparation, so that it may become 
0.5 to 5% of the weight of a range preferably. The amount of the metal salt used converts into 
metal, and in the mother liquor for metallic colloidal solution preparation less than 0.1% of the 
weight of a case. Metal salt concentration is too low, productive efficiency is low, when the 
amount of the metallic compounds used converts into metal and exceeds 10 % of the weight in 
the mother liquor for metallic colloidal solution preparation, the monodisperse nature of the 
metallic colloid particles produced by concentration being too high falls, and there is a 
tendency for particle diameter to become uneven. 

[0012]As a stabilizing agent, formic acid, citrate, phthalic acid, malic acid, malonic acid. 
Organic acid, such as polycarboxylic acid, gelatin, gum arable, poly vinyl alcohol. Surface- 
active agents, for example, surface-active agents, such as Despa Wundt (Toho Chemical 
Industry Co., Ltd. trade name), such as hydrophilic polymer, such as polyvinylpyrrolidone and 
polymethyl vinyl ether, and sodium dodecylbenzenesulfonate, and sodium laurate, are used. 
Gelatin, polyvinylpyrrolidone, and the Despa Wundt surface-active agent are especially 
preferred. 

[0013]lt sticks to such a stabilizing agent on the surface of the generated metallic colloid 
particles, and hydrophobic metallic colloid particles control condensing in carrier fluid, such as 
water. For this reason, the metallic colloidal solution excellent in dispersion stability can be 
obtained. As for a stabilizing agent, it is preferred 0.1 - 10 weight twice of the weight (namely, 
total weight which converted into metal metal salt (A) and the metal salt (B) mentioned later) of 
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the final metallic colloid particles in the nnother liquor for nnetallic colloidal solution preparation, 
and to use so that it may become a twice [0.2-5 weight ] as many range as this preferably. 
[0014]When the amount of the stabilizing agent used is less than [ of the weight of the final 
metallic colloid particles in the mother liquor for metallic colloidal solution preparation / 0.1 
weight twice ], even if it is hard to obtain the metallic colloid the amount of stabilizing agents 
was too thin, and metallic colloid particles carried out [ metallic colloid ] mono dispersion and it 
is obtained, there is no stability of metallic colloid and it is easy to condense. Since the 
concentration of a stabilizing agent will be too high, and the viscosity of a solution will increase 
or metallic colloid particles will be covered with a stabilizing agent, if the amount of the 
stabilizing agent used exceeds 1 0 weight twice of the weight of the final metallic colloid 
particles in the mother liquor for metallic colloidal solution preparation. When using it as a 
catalyst, catalytic activity may not be revealed enough or conductivity may not be revealed 
enough. 

[0015]The metaled salt (A) and stabilizing agent in the range whose above mentioned 
standard hydrogen electrode potential is -0.80-+1.20eV as a solvent used by this invention, If 
the metaled salt (B) and reducing agent in the range whose standard hydrogen electrode 
potential mentioned later is -0.20-+1.50eV can be dissolved, there is no restriction in particular 
and a publicly known solvent can be used conventionally. 

[0016]Specifically Water; methanol, ethanol, propanol, butanol, Diacetone alcohol, furfuryl 
alcohol, tetrahydrofurfuryl alcohol. Alcohols, such as ethylene glycol and hexylene glycol; 
Acetic acid methyl ester, Ester species, such as acetic acid ethyl ester; Diethylether, ethylene 
glycol monomethyl ether, Ethylene glycol monoethyl ether, ethylene glycol monobutyl ether. 
Ether, such as diethylene glycol monomethyl ether and diethylene glycol monoethyl ether; 
ketone, such as acetone, methyl ethyl ketone, an acetylacetone, and acetoacetic ester, is 
mentioned. These may be used alone, and two or more sorts may use them, mixing. Since 
polar solvents, such as water and alcohols, can dissolve easily metal salt (A) and (B), a 
stabilizing agent, and a reducing agent, they are especially preferred. 
[0017]The above metal salt (A), a stabilizing agent, and a solvent are mixed by a publicly 
known method. Especially as a mixing method, it is not restricted and publicly known 
techniques, such as a mixer and a stirrer, are mentioned, for example. As for the pH of the 
mother liquor for metallic colloidal solution preparation produced by mixing, it is desirable 3-10, 
and that it is in the range of pH of 4-9 preferably. When the pH of the mother liquor for metallic 
colloidal solution preparation is less than three, by oxidation reaction of a reducing agent, a 
hydrogen-ion density increases, the speed of the reduction reaction of metal salt falls, and the 
deposit of metal particles becomes slow. 

[0018]that the reduction kinetics of metal salt increases and the aggregate of metal particles 
generates when the pH of the mother liquor for metallic colloidal solution preparation exceeds 
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ten **** -- or precipitate of metaled hydroxide - generation -- provol<ing - there are things. The 
buffer for pH may be added by the mother liquor for metallic colloidal solution preparation if 
needed. Particle diameter can be adjusted more to homogeneity, without metallic colloid 
particles condensing, since metaled reduction precipitation speed can be made regularity if a 
buffer for pH is used. 

[0019]As such a buffer, organic acid and organic acid salt, such as acetic acid, citrate, 
propionic acid, and lactic acid, are mentioned, for example. Organic acid salt, such as sodium 
acid citrate and sodium acetate, can be used conveniently especially. As for the amount of the 
buffer used at this time, it is preferred that it is in 0.5 to 30% of the weight of the weight which 
converted metal salt (A) into metal, and further 1 to 20% of the weight of the range. 
[0020]ln the case of less than 0.5% of the weight of weight when the addition of a buffer 
converts metal salt (A) into metal, a buffer action is small, mother liquor pH for metallic 
colloidal solution preparation may be changed, and there is a tendency for metal particles to 
carry out an aggregate or for particle diameter to become uneven. Even if the addition of a 
buffer exceeds 30% of the weight of the weight which converted metal salt (A) into metal, a 
buffer effect does not improve at all. 

[QQ21] (b) the temperat ure control of the mother liq uor for metallic colloidal solution pr eparation 
-- next, adjust preferably 10-95 ** of mother liquors for metallic colloidal solution preparation to 
30-90 **. When the temperature of the mother liquor for metallic colloidal solution preparation 
is less than 10 **, Temperature is too low, and when a metaled reduction precipitation speed 
may become slow and the temperature of the mother liquor for metallic colloidal solution 
preparation exceeds 95 **, a metaled reduction precipitation speed is too early. Before adding 
the salt (B) of the metal in the range whose standard hydrogen electrode potential mentioned 
later is -0.20-+1.50eV, metal particles deposit, and such metal particles may condense or may 
become uneven [ particle diameter ]. 

[0022](c) Add a metaled salt (B) in the range whose standard hydrogen electrode potential is - 
0.20-+1 .50eV at the above-mentioned mother liquor for metallic colloidal solution preparation 
in addition this invention of the salt of the metal in the range whose standard hydrogen 
electrode potential is -0.20-+1.50eV . as the metal salt (B) used by this invention ~ standard 
hydrogen electrode potential -the salt of the metal which is in the range of -0.14-+1.20 eV 
preferably 0.20-+1.50 eV being desirable, and specifically, Inorganic acid salts, such as a 
chloride of metal, such as Pt, Pd, and Sn, a nitrate, sulfate, an phosphate, and carbonate, 
organic acid salt, complex salt, etc. are mentioned. These salts are used by two or more sorts, 
mixing, even when it is independent one sort. As such metal salt (B), concretely A palladium 
chloride, a palladium nitrate. Various PARAJUUMU compounds, such as palladium acetate, 
tetra chloropalladium acid sodium, and tetra chloropalladium acid ammonium. Metallic 
compounds, such as various platinum compounds, tin chloride and potassium stannate, such 
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as chloroplatinic acid, platinum sodium cliloride, liexacliloroplatinic acid 2 ammonium, and 
hexachloroplatinic acid disodium, and tin oxalate, are mentioned. 
[0023]Since it is higher than the standard hydrogen electrode potential of the metal which 
constitutes said metal salt (A), it is returned easily, and such metal salt (B) deposits easily as 
metal particles. For this reason, the metal particles generated by reduction of such metal salt 
(B) act as a nuclear particle (seed particle child), metal salt (A) is returned succeedingly and 
the metallic colloid particles which deposited and carried out mono dispersion on the nuclear 
particle surface, or the dispersed colloidal solution is obtained, although the difference in 
particular of the standard hydrogen electrode potential of the metal which constitutes metal salt 
(B) and metal salt (A) is not what is restricted - usually - 0.04-1.8 eV - desirable - 0.25-1.24- 
eV range **** ~ things are preferred. 

[0024]Weight (W^) when the addition of metal salt at this time (B) is converted into metal, It is 

desirable 0.0005 to 0.20 and for a weight ratio (Wg/W^) with weight (W^) when metal salt (A) 

is converted into metal to be in the range of 0.001-0.10 preferably. When W^/W^ is less than 

0.0005, since there are few nuclear particles, a deposit of metal is slow, namely, there is a 
tendency which the generation rate of particles requires a long time, the particle diameter of 
the metallic colloid particles obtained becomes uneven, or particles condense. If W^/W^ 

exceeds 0.20, since the metallic colloid particles obtained have the high rate of a nuclear 
particle ingredient, the characteristic (metal characteristics, such as the catalyst characteristic 
and conductivity) of desired metal may not be revealed. 

[0025] (d) addition of a reducing agent -- next, by this invention, add a reducing agent to the 
mother liquor for metallic colloidal solution preparation, and return metal salt to it. As a 
reducing agent, specific hypophosphite, sodium borohydride, alcohols, hydrazine, 
formaldehyde, dimethylamine borane, etc. are mentioned, and especially specific 
hypophosphite, sodium borohydride, and formalin are preferred. These may be used alone, 
and two or more sorts may use them, mixing. 

[0026]By adding a reducing agent, metal salt (B) is returned first, it deposits as metal particles, 
the generated metal particles act as a nuclear particle (seed particle child), metal salt (A) is 
returned succeedingly, and the metallic colloid particles which deposited and carried out mono 
dispersion on the core metal particle surface are obtained. As an addition of a reducing agent, 
although it changes with the kind of core metal particles, reducing power of a reducing agent, 
etc., it is preferred that 0.1-5 mol of reducing agents are in the range of 0.5-4 mol preferably to 
a total of 1 mol of the metal which constitutes the metal salt (A) and (B). 
[0027]Since there is little quantity of a reducing agent without reduction speed becoming still 
quicker even if the quantity of a reducing agent exceeds 5 mol when the quantity of a reducing 
agent is less than 0.1 mol, depositing of metal particles becomes insufficient and yield falls, it 
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is not desirable. 

(e) After adding tlie maturation treatment aforementioned reducing agent, a metallic colloidal 
solution may ripe if needed. 

[0028]lt is desirable for the temperature of a solution to perform 50-150 ** of aging at the 
temperature of 8-120 ** preferably. Although maturing time changes also with maturing 
temperature, it is desirable for there to be 0.5 to 10 hours in the range of 1 to 5 hours 
preferably. By riping on such conditions, particle diameter is uniform and a stable metallic 
colloidal solution can be obtained. Although the metallic colloidal solution which performed said 
aging can also be used as it is depending on a use, washing and/or condensing if needed is 
preferred. 

[0029]lf the impurity originated and accompanied to said each additive agent can be removed 
as a cleaning method, without spoiling the stability and yield of a metallic colloidal solution, 
there is no restriction in particular and a publicly known method can be adopted conventionally. 
For example, the method of using ultrafiltration membrane, the method of using ion-exchange 
resin, or the method of washing combining these methods is also suitably employable. 
[0030]The method of using ultrafiltration membrane as a method of condensing, the method of 
using a rotating evaporator, etc. are mentioned. It can also replace by a desired solvent at the 
time of concentration. As for each above-mentioned process in this invention, it is preferred to 
perform the process of at least one copy under a non-oxidizing atmosphere. Specifically, it is 
preferred to carry out under the inert gas atmosphere of nitrogen, argon, helium, etc. If the 
above-mentioned process is performed under an oxidizing atmosphere (for example, under 
oxygen existence), the metallic colloid particles in a metallic colloidal solution may oxidize, and 
metal characteristics, such as sufficient catalyst characteristic and conductivity, may not be 
revealed. 

[0031]The metallic colloidal solution obtained with the manufacturing method concerning 
above this inventions, On the surface of the core particles which consist of metal in the range 
whose standard hydrogen electrode potential is -0.20-+1.50eV, standard hydrogen electrode 
potential is higher than said core particle, and it is the colloidal solution which the composite 
metal particles to which the metal in the range whose standard hydrogen electrode potential is 
-0.80-+1.20eV deposited distributed. 

[0032]Mono dispersion of the metallic colloid particles in such a metallic colloidal solution is 
carried out, and they are in the range whose mean particle diameter is 3-200 nm. Since the 
rate of the metallic colloid particles which are within the limits of **20% of mean particle 
diameter is 80 % of the weight or more, this metallic colloid particle has narrow particle size 
distribution, and the size has gathered. The mean particle diameter of metallic colloid particles 
and particle size distribution can be measured using a micro track grading analysis meter 
(Nikkiso [ Co., Ltd. ] make: UPA9340). 
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[0033] 

[Effect of the lnvention]Since the manufacturing method of the metallic colloidal solution of this 
invention is preparing the monodisperse metallic colloidal solution which returns the salt (A) of 
metal with standard hydrogen electrode potential low subsequently by making a nuclear 
particle form using the salt (B) of metal with high standard hydrogen electrode potential, A very 
extremely stable metallic colloidal solution can be obtained. The particle diameter of the 
obtained metallic colloid particles is also uniform. 

[0034]The metallic colloidal solution obtained A various circuit element and low [ besides 
various catalysts ] antibody, The thick film material obtained using the paste for a capacitor, an 
inductor, a mutual wiring conductor, and conductors, and this. It is applicable to various uses, 
such as a functional device, an electromagnetic wave shield, electroconductive glue, a 
conductive filler, a conductive paint, a magnetic material, a charge of magnetic-recording 
material, magnetic fluid material, an electrode material, and a battery material. 
[0035] 

[Exam pie] Hereafter, although an example explains this invention still in detail, this invention is 
not limited to these operations at all. 

[0036] 

[Example 1] Weighing of the gelatin solution 3.0g of 25 % of the weight of concentration was 
carried out to the container of the capacity 3L as the nickel chloride 6 hydrate 15g and a 
stabilizing agent as metal salt (A). Subsequently, the distilled water 500g was added to this 
container, and after dissolving metal salt and gelatin and preparing the mother liquor for 
metallic colloidal solution preparation, it warmed at 40 **, enclosing nitrogen gas. 
Subsequently, 1.0g of dichlorotetra ammine palladium whose concentration when it converts 
into Pd metal is 8.97 % of the weight as metal salt (B) was added. 

[0037]After carrying out stirring mixing uniformly, 10 g (0.09 mol / 0.06 Moreux formed metal 
particles) of sodium phosphinate 1 hydrates (chemical formula: NaPH202andH20) were added 

as a reducing agent, and the metallic colloidal solution was prepared. Subsequently, 
ultrafiltration membrane was used, it washed and condensed with 300 times as much distilled 
water to metal weight, and the metallic colloidal solution (A) of 3.0 % of the weight of 
concentration was obtained. 

[0038]The obtained metallic colloidal solution (A) was put into the flask with a dephlegmator, 
and 80 ** riped for 2 hours. Then, the homogeneity (quantity of the particles contained in **20 
% of the weight of mean particle diameter) of the mean particle diameter of metallic colloid 
particles and particle diameter was measured. The homogeneity of mean particle diameter and 
particle diameter was evaluated by measuring weight % of the particles contained in **20% of 
mean particle diameter with a micro track grading analysis plan (Nikkiso [ Co., Ltd. ] make: 
UPA9340). 
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[0039]A result is shown in Table 1. The dispersion stability of the obtained metallic colloidal 
solution observed visually the sample allowed to stand at the above-mentioned room 
temperature after metallic colloidal solution preparation for one month, and evaluated it by the 
following standards. 

Sediment is not accepted at all. : O sediment is private seal ** slightly. : ** sediment is 
accepted so much. : x result is shown in Table 1. 

[0040] 

[Example 2] The nickel chloride 6 hydrate 7.5g was used as metal salt (A), and weighing of the 
PVP(polyvinylpyrrolidone)2.5g was carried out to the container of the capacity 3L as a 
stabilizing agent. Subsequently, it warmed at 40 **, having added the distilled water 500g to 
this container, having prepared the mother liquor for metallic colloidal solution preparation in it, 
and sealing nitrogen gas hermetically in it. Subsequently, 0.5g of dichlorotetra ammine 
palladium whose concentration when it converts into Pd metal is 8.97 % of the weight as metal 
salt (B) was added. After carrying out stirring mixing uniformly, 3.0g (0.08-mol / 0.03 Moreux 
formed metal particles) addition of the sodium borohydride (NaBH^) was carried out as a 

reducing agent, and the colloidal solution was prepared. Subsequently, ultrafiltration 
membrane was used, it washed and condensed with 300 times as much distilled water to a 
part for metal weight, and the metallic colloidal solution (B) of 3.5 % of the weight of 
concentration was obtained. The obtained metallic colloidal solution was put into the flask with 
a dephlegmator, and 80 ** riped for 2 hours. The homogeneity of the mean particle diameter of 
the metallic colloid particles after aging and in a metallic colloidal solution and particle diameter 
and dispersion stability were measured. 
[0041]A result is shown in Table 1. 
[0042] 

[Example 3] The nickel chloride 6 hydrate 24g and 4 g of copper chloride dihydrate were used 
as metal salt (A), and weighing of the PVP(polyvinylpyrrolidone)1 0.Og was carried out to the 
container of the capacity 4L as a stabilizing agent. Subsequently, it warmed at 40 **, having 
added the distilled water 560g to this container, having prepared the mother liquor for metallic 
colloidal solution preparation in it, and sealing nitrogen gas hermetically in it. Subsequently, 
2.0g of dichlorotetra ammine palladium whose concentration when it converts into Pd metal as 
metal salt (B) is 8.97 % of the weight was added. 

[0043]After carrying out stirring mixing uniformly, 2% of the weight of the sodium borohydride 
(NaBH^) solution 440g (0.23 mol / 0.12 Moreux formed metal particles) was added the speed 

for 7.3g/as a reducing agent, and the metallic colloidal solution was prepared. Subsequently, 
after it used ultrafiltration membrane and 300 times as much distilled water washed to a part 
for metal weight, it condensed and the metallic colloidal solution (C) of 3.0 % of the weight of 
concentration was obtained. 
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[0044]The obtained metallic colloidal solution (C) was put into the flask with a dephlegmator, 
and 80 ** riped for 2 hours. The homogeneity of the mean particle diameter of the metallic 
colloid particles after aging and in a metallic colloidal solution and particle diameter and 
dispersion stability were measured. A result is shown in Table 1. 

[0045] 

[Example 4] Weighing of 5.0 g of trisodium citrate dihydrate and the PVP(polyvinylpyrrolidone) 
3g was carried out to the container of the capacity 3L as the ruthenium chloride 3 hydrate 5.1g 
and a stabilizing agent as metal salt (A). Subsequently, it warmed at 40 **, having added the 
distilled water 175g to this container, having prepared the mother liquor for metallic colloidal 
solution preparation in it, and sealing nitrogen gas hermetically in it. Subsequently, 1.0g of 
dichlorotetra ammine palladium whose concentration when it converts into Pd metal as metal 
salt for nucleation (B) is 8.97 % of the weight was added. After carrying out stirring mixing 
uniformly, as a reducing agent, 1% of the weight of the sodium borohydride (NaBH^) solution 

225g (0.02 mol / 0.02 Moreux formed metal particles) was added the speed for 7.3g/, and the 
metallic colloidal solution was prepared. Subsequently, ultrafiltration membrane was used, it 
washed and condensed with 300 times as much distilled water to a part for metal weight, and 
the metallic colloidal solution (D) of 2.8 % of the weight of concentration was obtained. 
[0046]The obtained metallic colloidal solution (D) was put into the flask with a dephlegmator, 
and 80 ** riped for 2 hours. The homogeneity of the mean particle diameter of the metallic 
colloid particles in a metallic colloidal solution and particle diameter and dispersion stability 
were measured. A result is shown in Table 1. 
[0047] 

[Comparative example 1] Weighing of the nickel chloride 6 hydrate 15g was carried out to the 
container of the capacity 3L as metal salt (A). Subsequently, while the distilled water 500g was 
added to this container, the mother liquor for metallic colloidal solution preparation was 
prepared in it and nitrogen gas enclosed with it, it warmed at 40 **. Subsequently, 1.0g of 
dichlorotetra ammine palladium whose concentration when it converts into Pd metal as metal 
salt (B) is 8.97 % of the weight was added. 

[0048]After carrying out stirring mixing uniformly, 10 g (0.09 mol / 0.06 Moreux formed metal 
particles) of sodium phosphinate 1 hydrates (chemical formula: NaPH202andH20) were added 

as a reducing agent, and the dispersion liquid (E) of nickel metal particles were prepared. 
Immediately after the obtained nickel metal particles (E) add a reducing agent, they are 
condensed, sediment [ from ], they can evaluate mean particle diameter and homogeneity, and 
are methods of ****. 
[0049] 

[Comparative example 2] Weighing of the gelatin solution 3.0g of 25 % of the weight of 
concentration was carried out to the container of the capacity 3L as the nickel chloride 6 
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hydrate 15g and a stabilizing agent as metal salt (A). Subsequently, the distilled water 500g 
was added and the mother liquor for metallic colloidal solution preparation was prepared, and it 
warmed at 40 **, enclosing nitrogen gas. After carrying out stirring mixing uniformly, 10 g (0.09 
mol / 0.06 Moreux formed metal particles) of sodium phosphinate 1 hydrates (chemical 
formula: NaPH202andH20) were added as a reducing agent, and the dispersion liquid (F) of 

the nickel metal particles of 0.7 % of the weight of concentration were prepared. The yield of 

nickel metal particles (F) was as low as about 40%, the obtained nickel metal particles 

condensed and sedimented, and mean particle diameter and homogeneity were not able to be 

evaluated. 

[0050] 

[Table 1] 
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[Translation done.] 
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mXL^j:t>^^ A O'-azjimL fz. OV^-C, A«S (B) 
tUTPd^MtCj«Mrt;^:t#^jig>&i8.9 7»g% 20 
^Di;:;?^^■r^7TySW^°7i^■'>A^2. Ogj^sJDL 
fz. 

[0043] i%-tJSSff?M-^L/it^. jfTC^iJi: LT 2* 
»%CD7K«€*'>«-^-bU^A (NaBH4) *?§?g44 
0 g ( 0 . 2 3^;l./0 . 1 

L3 0 Of^cM/KT-i^Jf L/tc?:)-^, «flLTmK3 . 

omM.%<^)±mrsu-i Ym\^ (c ) ^if/:^. 

[0044] nhixtz-km^^A vmm ( c ) 30 

7 7 X a (C7^ix , 8 0 °C , 2 fftralfliBSc L/-^ , 

*^isit^-r. 

[004 5] 

[^I4M4] (A) t L-(:t^^[:;WT--^i.^7j<^n 
!fl55. 1 gt, S:5g{rai;LT^xyiS=^^y^A- 
7]<w^^5. Ogt, PVP(;^°i;h'--/Wh°niJ Fy)3 
gt^Wfi3L05§§itCffiL/S„ ot^TlS^fltc. m 

1 7 5 g & Jni^M:30^ 40 
L, a«;^?X^SALi:*J*b4 0°CtJpSL/c„ 
T\ I^J^^ffl^JRiS ( B ) t LT P d^m^zm-Li^t 
# iOiiJS*^' 8 . 9 7 M;%<50 o or b 7 T y 5 ^° 

1 . 0 gm&DL;t. m-\,zmtm-^Ltz^k. 



#^2002-1801 10 
1 0 

mmt LT 1 M%c^7i<iR€* "^mi- f u a ( Na 

BHi) 7l<J§JS2 2 5g (0. 0 2^/W/O. 0 2^;l- 
7. 3 g/^iOSSTiiSjDLTA 

L. ^mm.t.^{zfiL 3 0 Gmnmmi^x''m ■ \mL 

X . ilS2 . 8Sfi%cO#«3n^ FJ§?« ( D ) ^ f# 

[ 0 0 4 6 ] fiA,fL/i^«3o^ Ymm ( D ) rmMJ^ 

H^yyxzi ^zAtu 8 0 °C , 2 B^rJIfM L ^; „ 

Fi§Jg+^3^M3n^ Fg^^^Wi^g, e^fi 
co%-tt*3 j;t>m^5Ett&iiS L/C . ISS&I* 1 
■To 

[0047] 

[itl^Ml ] ( A) t LTJi'fl:->y^r;P7\7KWli 

1 5g^. mmsi^cD^mznmLtz. ouT-s^fi 

^®7k5 0 0 g^jDx^a^n^ F?§«ilISffla?g 

^mmt, S«;yx-C-mL^:*^%4 Q°CtMflL/c„ 
ov"T-\ ^WM(B) tLTPd^«t;as:L/;t&to 
?iS*^'S. 9 7Sl:%cO>^'^'nnrF5TySy7\°5>^' 
•^A^l. Osmultz,^ 

[0048] i^-izmim^^itzm. mitmt ixt^^ 

y^ymi-h'J^J^l^i^mi (if^^-. NaPH2 02 ■ 
H2O) lOg (0. 0 9^r;l'/0. 0 6^;P-^^S 

mm.1-) immx-^y^ji^mmn^mmM (e) 
^mmuz. %^tifz^'y^>\^^mmt^ (E) i^mt 
mmMifzw.m^^'mLxmmixLt\\ 
i^g , i^-mim»x § ^ Mz . 

[0049] 

lMmi2] -mis. (A) blXi&it-'^'^iV^ymm 

1 5 giixw^mmib ixmm2 5mm%<7)^yi-y 
7mm3. og-r, ^&3L(r,mmzns:ifz. -^v^t- 
&ic5 0 0 garjn^#«:3o^ mmmmmmm 

ML, a*;5?';^^MAL>5:;&iii,4 0°acMflL/c„ 
t=itf*?i-^L:^cfi. mK^^lkLXTi-^xy^ymi-hU^ 
AlTkWft ({b^: NaPH2 02 ■ H2O) lOg 

(0. 0 9^;k/0. 0 6^;l/-4i3gAMfte^) 

an LT , iiK 0 . 7 fia%c^- -y c7)M 
m(F) ^mmtfz. --y^;^^Mse^ ( f ) ^mm 
iimo%ti&< . n^tifz~-y'yfim,Wim-irm 
LT ai^ L T L * V \ ^mL^ma i ui^-mmmx- 

%^j:i)-'ytz. 
[0050] 
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